We retrospectively reviewed the medical records of 189 children who were admitted to the Pediatric Neurology Department at Yonsei University College of Medicine with status epilepticus (SE) between April, 1994 and April, 2003. The children were followed up for a mean duration of 17 months. We analyzed the clinical findings and the relationships between neurologic sequelae, recurrence, age of onset, presumptive causes, types of seizure, seizure duration and the presence of fever. Mean age at SE onset was 37 months. Incidences by seizure type classification were generalized convulsive SE in 73.5%, and non-convulsive SE in 26.5%. The incidences of presumptive causes of SE were idiopathic 40.7%, epilepsy 29.1%, remote 16.4% and acute symptomatic in 13.3%. Among all the patients, febrile episodes occurred in 35.4%, especially in patients under 3 year old, and 38.4% of these were associated with febrile illness regardless of presumptive cause. Neurologic sequelae occurred in 33% and the mortality rate was 3%. Neurologic sequelae were lower in patients that presented with an idiopathic etiology and higher in generalized convulsive SE patients. The recurrence of SE was higher in patients with a remote symptomatic epileptic etiology, and generalized convulsive SE showed higher rates of recurrence. Based on this retrospective study, the neurologic outcomes and recurrence of SE were found to be strongly associated with etiology and seizure type. Age, seizure duration and the presence of febrile illness were found to have no effect on outcome.
INTRODUCTION
Status epilepticus (SE) is a common neurological emergency that is sometimes associated with high morbidity and mortality. Approximately 10 to 12% of children and adults that experience a first unprovoked seizure [1] [2] [3] or who are newly diagnosed as having epilepsy 1, 4 request medical attention for SE. Several clinical series have presented information concerning some important clinical features of SE and predictive indicators of its outcome. Several studies indicate that neurologic outcome seems to be dependent on age and etiology. Neurologic outcome is worse in elderly patients, patients with an acute symptomatic causes or both. [5] [6] [7] [8] In a study by Maytal et al., neurologic sequelae of convulsive SE were found age dependent, and to occurr in 6% of those over 3 years old but in 29% of patients under 1 year old. 9 In this study, we analyzed our data to identify factors predicting the neurologic outcome and recurrence of SE.
MATERIALS AND METHODS
The study group included all patients younger than 15 years of age who were admitted with a diagnosis of status epilepticus to the Department of Pediatric Neurology, Yonsei University College of Medicine between April 1995 and April 2003.
The 189 cases were reviewed with respect to seizure history, electrophysiologic data, the immediate precipitating seizure etiology, outcome, laboratory studies and hospital course.
Seizure types and causes were classified according to the International League of AntiEpilepsy classification and guideline for epidemiological research. Status epilepticus was defined as any seizure lasting for 30 minutes or longer or intermittent seizures lasting for more than 30 minutes from which the patient did not regain conscious-Yonsei Med J Vol. 46, No. 1, 2005 ness. Acute symptomatic cause was defined as any seizure originating from a CNS insult such as anoxia, CVA, hemorrhage, trauma, tumor or a metabolic etiology. A remote symptomatic etiology was defined as one having no acute precipitating etiology, but with a previous history of CNS insult.
An idiopathic etiology was defined as seizures not associated with any identifiable cause of seizure initiation.
We used statistical methods that took into account the time dependent nature of the data. Univariate and multivariate analysis were performed using the Cox proportional hazards models. Risk ratio were used as a measures of the magnitude of the association between variables and the risk of a measured outcome. 95% confidence intervals were calculated using a logistic regression models using a formula based on a normal approximation. The Pearson's chi-square test was also used. A p value of < 0.05 was considered statistically significant.
RESULTS

Age and sex distribution of patients
The SE population was 59% male and 41% female.
Forty-nine (26%) patients were under the age of 1 year, and 64 patients(34%) were between 1 and 3 years (Fig. 1) .
Children less than 3 years of age represented a subgroup of the pediatric population with the highest incidence of SE.
Etiologies of SE
The main etiology in children was idiopathic and accounted of 40.7% of the cases. The epileptic, the remote symptomatic and the acute symptomatic etiology groups also accounted for a significant number of cases in children (Fig. 2) . Patients with febrile SE represented 35.4% of all patient regardless of etiology. 38.4% of patients under 3 years of age experienced febrile illness.
Seizure types
73.6% of SE seizures were generalized convulsive and 26.4% nonconvulsive. Nonconvulsive SE was subdivided into myoclonic, partial and absence SE. Complex partial SE was more common than other nonconvulsive SE. Absence SE was uncommon in this study. Generalized convulsive SE was further divided into generalized tonic-clonic or tonic SE (Table 1) .
Outcomes
A neurologic sequela was present in 62 cases (33%) (Fig. 3) . We analyzed data for factors precicting neurologic outcome i.e., age of onset, presumptive cause, types of seizure, seizure duration and the presence of fever. 79.4% of all SE patients showed a generalized seizure pattern, and generalized seizure was found to be associated with a poor neurologic outcome. SE with an idiopathic etiology showed a better neurologic outcome than the other etiologies (Table 2) . Among 55 patients less than 1 year old, 29.1% showed neurologic sequelae. 34.3% of 134 patients over 1 year old showed a poor neurologic outcome, but there wad no significant statistical difference between the two age groups. 70.9% of patients had a short duration of seizure of < 1 hour, and among SE patients, 35.4% of cases had experienced an associated febrile illness, but these two factors did not affect the prevalence of neurologic SE sequelae. Among the 189 patients with SE, 30 (16%) experienced recurrent episodes. The risk factors for a higher rate of recurrent SE are presented in Table  3 .
Generalized convulsive seizure, patients with epilepsy and a remote symptomatic etiology showed a higher rate of recurrent SE.
The overall mortality rate among patients group was 3%. The mortality rate was 11.6% among acute symptomatic cases, and 6.5% among remote symptomatic cases. The mortality rate was highest in acute symptomatic cases.
History of epilepsy
The majority of SE patients in this study did not have a previous history of epilepsy.
Only 29% of patients that presented with SE had a previous history of epilepsy, indicating that nonepileptic individuals also have a high risk of developing SE.
DISCUSSION
In 1981, the International League against Epilepsy defined status epilepticus as a seizure that 'persist for a sufficient length of time or is repeated frequently enough that recovery between attack does not occur'. 10 Some studies have defined status epilepticus as seizures that persist for 20 to 30 minutes, [11] [12] [13] or as seizures of more than 30 minutes of continuous seizure activity or two or more sequential seizures without full recovery of consciousness between seizures. 11, 12 In some other studies, including the VA 16 However all investigators agree that the initiation of treatment should begin early to avoid potential neuronal damage secondary to prolonged seizure activity. 17 The incidence of SE has been estimated at 10 to 41 cases per 100,000 people per year, totaling some 100,000 to 160,000 patients per year in the United States.
18-20 About 10 to 12% of children and adults that experience a first unprovoked seizure [1] [2] [3] or with newly diagnosed epilepsy 1,4 present for medical attention with SE. Approximately 5% of adults and 10% to 25% of children with epilepsy will have at least one episode of SE, 21 whereas 13% of all patients with SE will have a recurrent bout. 22 The recurrence of SE in the Richmond population was 13.3% 18 whereas in our study the recurrence rate was 16%. A remote symptomatic etiology and a young age have long been recognized as risk factors for SE 4, 11, 18, 23, 24 and recurrent SE. 25, 26 Shinnar et al. found that 40% of cases among children occurred in those younger than 2 years. 23 Moreover, the risk of recurrence is greatest in children with acute and chronic central nervous system insults. 25 Our data showed somewhat different features. A remote symptomatic etiology and a previous history of epilepsy were risk factors of recurrent SE, but acute symptomatic etiology did not show significant difference in terms of neurologic outcome. Moreover, age of onset seemed to be unrelated to the rate of recurrence. Fever and infection are the most common causes of generalized convulsive SE in children younger than 2 years of age without a history of epilepsy. However, preexisting epilepsy and low AED levels still remain the primary causes in older children, and appropriate attention to AED levels is warranted. 23, 25 Remote neurologic insults such as head trauma can also cause SE. 3, 9 In our study, fever related episodes occurred in 38.4% of children younger than 3 years of age, but this febrile illness did not affect neurologic outcome or SE recurrence.
It is now well and widely accepted that SE can be injurious to the mature brain.
The fundamental pathophysiology of SE involves a failure of mechanisms that normally Yonsei Med J Vol. 46, No. 1, 2005 abort an isolated seizure. This failure can arise from abnormally persistent excessive excitation or the ineffective recruitment of inhibition. 27 Induced seizures may be prolonged by a failure of the GABA-mediated suppression of an activated focus. This resistance may develop through the seizure-induced formation of varying isoforms of the GABA type A receptor in the hippocampus. 28, 29 Alternatively, SE may be perpetuated by sustained N-methyl-D-aspartate (NMDA)-mediated neuronal stimulation. 30 In animal models, SE developed a sensitivity to NMDA antagonist in parallel with the development of GABAA resistance. 31, 32 The presumed mechanism of neurologic injury is via glutamate activation of NMDA receptors leading to programmed cell death.
22
The accidental ingestion of mussels contaminated with the neurotoxin domoate, a structural analog of glutamate and kainate, has been reported to cause a profound encephalopathy and prolonged seizures in some patients. 33, 34 Moreover, SE can be caused by penicillin and related compounds that antagonize the effect of GABA. 35 Thirty minutes before, convulsive status epilepticus the glucose and oxygen requirement of the brain are increased. Initially these metabolic demands are met by the dilation of cerebral blood vessels and increases in blood flow. 36 But, 30 minutes after seizure, blood pressure and cerebral blood flow reduce and this results in the accumulation of toxic metabolites and inadequate oxygenation. 37 Thus SE lasting 30 to 45 minutes can cause cerebral injury, especially to limbic structures like the hippocampus, and the seizure itself is sufficient to damage the central nervous system. 38, 39 However, the continuing seizure activity also contributes to neuronal damage, independent of systemic factors. 40 Such neuronal damage during prolonged SE may be due in part to the action of excitatory neurotransmitters, which cause an influx of calcium into neurons. 41 Prolonged seizures even with control of associated systemic disturbances can directly cause cerebral damage. 42, 43 The morbidity and mortality of SE has been suggested to be related to three major factors 44 : damage to the CNS caused by the initial insult causing SE, systemic stress from repeated convulsions, and direct injury to the brain due to severe electrical discharges within the central nervous system.
One review of morbidity and mortality rates among children with SE showed neurologic complication rates of 29% among infants younger than 1 year. 11% among children aged 1 to 3 years and 6% among children older than 3 years of age. In 30% of patients, a chronic seizure disorder developed and the mortality rate was approximately 3%. 9 Some studies have suggested that the mortality rate among people with SE ranges 6% to 30%. [45] [46] [47] Etiology has repeatedly been proven to be the major determinant of SE mortality. 7, 48, 49 Although children have a high incidence of SE, there is a much lower overall rate of mortality in the pediatric population than in the adult population. 8, 18, 19, 50, 51 Permanent neurologic sequelae other than subsequent seizures have been noted in 9% to 28% of children. 52 The frequency of neurologic sequelae is highest in children when SE is caused by an acute CNS insult. 52 Several studies have
shown that the duration of seizure is strongly associated with the ultimate outcome. Moreover, in status epilepticus lasting longer than one hour, outcome is poor. 53 The mortality rate increased fivefold in those in the acute symptomatic group with SE lasting over 24 hours. 54 Age also seems to be a clear prognostic factor, but when corrected for etiology, it becomes less significant. 7 In the present study, the mortality rate was 3%, but among etiologies, an acute symptomatic etiology exhibited the highest mortality. Patients with an idiopathic etiology showed a significantly lower incidence of neurologic sequelae than other causes of SE. Acute symptomatic, remote symptomatic and a previous history of epilepsy show higher rates of neurologic sequelae. However age of onset and duration of seizure were not found to be significantly related with neurologic outcome. It is not clear why age of onset and seizure duration did not affect neurologic outcome. But 71% of patients had a duration of seizure of < 1 hour, perhaps this due to improved management technicques. Based on these results of our retrospective study, we conclude that an idiopathic SE etiology is a favorable predictor of a better neurologic outcome and lower SE recurrence and that generalized convulsive SE an indicator of worse Yonsei Med J Vol. 46, No. 1, 2005 outcomes. However, age of onset and duration of seizure were not found to affect neurologic outcome and SE recurrence.
